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Abstract 
Mobile technology is an integral part of the modern health care environment. In mHealth, the mobile user interface 
(MUI) serves as the bridge between the application and the health care professional. It is important that the doctor be 
able to easily express his needs on the MUI and correctly interpret the information displayed. New techniques for 
adapting MUIs offer new opportunities for the MUI designer to maximize the benefits of mHealth technology by 
providing the best possible way for health care professionals to perform their tasks efficiently and effectively. For the 
designer, the hope is that new technologies will be developed, such as mobile devices adaptable to different 
environments, so as to enable customization of the application to the user’s context. In this paper, we propose 
context-based and rule-based approach for designing adaptable MUIs in mHealth. The MUI features adapted to the 
needs of health care professionals have been implemented on the iPhone and evaluated with an empirical study. 
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1. Introduction 
 The unprecedented proliferation of mobile technologies and advancements in their innovative 
application to addressing health care priorities have evolved into a new field of eHealth, known as 
mHealth, a term that originated implicitly from the phrase unwired eMedicine that appeared in the first 
special issue of the IEEE transactions on wireless telemedicine systems [1]. Since then, there have been 
significant advances in wireless communications and network technologies, along with parallel advances 
in pervasive and wearable systems [2]. These advances have already made a significant impact on eHealth 
and telemedicine systems. In general terms, mHealth can be defined as encompassing “mobile computing, 
medical sensor, and communications technologies for health care” [3]. In [4], eEmergency and mHealth 
systems are defined as “emerging mobile communication systems for the support of emergency health 
care.” To date, no standardized definition of mHealth has been established [5]. 
 In mHealth applications, the adaptability of the mobile user interface (MUI) is considered to be one 
of the most important issues to address. According to the World Health Organization (WHO) MUI 
adaptability is a major problem in eHealth tools and services, including mHealth [6]. The prevalence of 
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smartphones, such as Apple’s iPhone™, which often functions as a computer, and the latest sensor 
technologies (e.g. GPS, proximity sensors, accelerometers, and ambient light sensors) offer flexible ways 
to interact and adapt information more sensitively, responsively, and powerfully. Context-based UIs offer 
a new approach to automated UI adaptation in a mobile device. The UI can include many features that the 
designer will consider, such as input/output channels, widgets, etc. Furthermore, every feature has 
variables, such as text, voice, color, etc. From the designer’s perspective, the adaptability of these features 
is planned either at the time of design or during runtime. During runtime, the UI is generated by applying 
a set of rules to the set of context descriptors that matches, a set of user stereotypes.    
 MUI adaptation approach proposed in this paper is based on our context model [7], user stereotype 
models, and context descriptors [8]. The benefit of using a context model is that it can provide doctors 
with simpler, more efficient UIs. Although the stereotype model tailors the UI to their basic needs, 
preferences, and priorities, the context descriptors in fact allow for more adaptability and greater 
versatility in the form of real-life logic and individual user information. In this paper, we propose the use 
of decision tables to represent the adaptation rules for MUI, using the iPhone™ specifically. The 
proposed approach for MUI adaptation is validated on a case study. Quality-in-Use measurement model 
developed specifically for MUI [9] was used to compare the quality-in-use of MUI with and without 
adaptation for the same healthcare application to be used by the same user in the same context. 
 This paper is organized as follows. Section 2 summarizes the literature on UI adaptation and explains 
how our approach is similar to the methods found there and how it differs from them. In section 3, our 
MUI adaptation approach is introduced, and a decision table based on our approach is defined. Section 4 
presents the results of using our MUI in simulated, but realistic scenarios, to validate our approach. In 
section 5, we discuss our results, and, finally, in section 6, we conclude the paper and outline the 
directions of our ongoing research. 
2. Motivation and Related Work 
 MUI adaptation, which is at the forefront of innovative research today, focuses on improving the user 
experience by adapting the UIs in mobile applications to different contexts of use. Most existing designs 
of medical applications do not consider the context of the user’s task, and few of today’s hospital 
applications are designed with empirical knowledge of physician activity [10]. In recent years, a number 
of adaptive MUIs in health care applications have been described. In Vogt and Merier (2010) [11], the 
authors use a model-based approach and the user interface markup language (UIML) to create mobile and 
adaptive UIs for the health care applications. Their models are adapted during runtime, and context is 
taken into account to simplify input choices and limit the scope for error. However, they do not consider 
output choices. Their approach differs from ours in three ways: (1) our MUI adaptation is based on three 
things, namely a context model, a stereotype model, and a set of context descriptors that captures the 
essence of the dynamic context; (2) our adaptation technique is based on decision-making rules; and (3) 
our adaptation model consists of all the parameters of the UI that adapt either at the time of design or at 
runtime, and takes into account the features and sensors embedded in the smartphone to help the doctor 
effectively input his needs to the application, and obtain meaningful output by offering various choices.  
 Frohlich et al. (2009) [12] presented their LoCa approach to context-aware monitoring applications in 
digital homes. They focused on the users (patients) who are mobile. The LoCa project differs from our 
research in that Frohlich et al.’s adaptation is based on external sensors: the patient is given a smart shirt 
equipped with several external sensors that monitor physiological parameters, like ECG and blood 
glucose level. In addition, the patient receives a smartphone with a GPS sensor and camera. Our 
adaptation technique is based on internal sensors, and the adaptation of design issues.  
 The process of developing context-based UIs has been explored in a number of other projects. 
Clerckx et al., (2005) [13], for example, discuss various tools to support the model-based approach. 
Model-based user interface development (MBUID) is an important technique for designing interactive 
systems, and is aimed at reducing the complexity generated when developers have to design many models 
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that will be interconnected. MBUID creates a UI from the abstract model automatically, verifies and 
validates the user interface, and checks its consistency with other UIs. However, this technique is not 
being, used because of the lack of commercial tools available to support it.  
 Yuan and Herbert (2012) [14] presented a fuzzy logic-based context model and related context aware 
reasoning middleware that provides a personalized, flexible, and extensible reasoning framework for a 
context aware real time assistant (CARA). They then attempted to adapt the technology to elderly patients 
living at home. Other than simulations, they were unable to devise and carry out field experiments that 
yielded results with enough diversity to justify scientific application. In our research, we adapt the MUI to 
doctors in a hospital setting to assist them in their daily tasks. Unlike previous work, our paper indexes all 
the information gathered by sensors from the basic context level as conditions. We then combine these 
conditions in a user stereotype model and collect all the possible adaptation rules using a decision table.  
 Many studies have been conducted on adaptation using a decision table. In [15], an approach is 
proposed for modeling adaptive 3D navigation in a virtual environment. In order to adapt to different 
types of users, they designed a system of four templates corresponding to four types of users. Our work 
differs in that our adaptation technique is based on a context model which extracts values from sensors in 
smartphones and maps them to the user stereotype model, and then to the MUI using a decision table.  
 In the following section, we present our MUI adaptation approach. 
3. Proposed Approach for MUI Adaptation in mHealth Applications 
 Our approach to adaptation is to change the relevant MUI parameters based on context [7] and user 
stereotype [8]. This allows users to easily handle information on the MUI which deals with the user’s 
motion, and various environmental effects, such as different combinations of ambient conditions (i.e. light 
and noise levels). The UI features, which can be changed on a modern smartphone, are listed in Table 1. 
Table 1 MUI Features 
MUI Features Value (conditions) 
Font size Small, medium, large 
Font color An RGB color,  black & white 
Font format Times New Roman, Tahoma, etc. 
Background color  Auto adjust, change manually 
Data entry* Typing, tapping, voice  
Display information* Text, sound  
Message delivery  Text, voice, alert, silent, pre answer 
Brightness level* Increase/decrease 
Ring volume Low, medium, high, alert, vibration 
Sound level Mute, regular, loud  
*These are the features that were implemented in the case study (see section 4).  
 Doctors work in a dynamic user environment, in which they must respond to rapidly varying 
contexts. Adapting MUIs to the various basic contexts involved, such as location, time, and ambient 
conditions, will enhance the user’s experience of a context-aware device [7].  
 Categorization of the contexts in which a doctor works in a hospital setting depends on the location in 
which the medical tasks are performed; for example, primary care, the emergency room, an operating 
room, inpatient care, an inpatient ward, an outpatient clinic, the intensive care unit, etc. [10]. 
 The time limitations of this project made it impossible to consider the extent of the hospital services 
provided and their many context descriptors. To develop a prototype to validate the adaptable features of 
the MUI presented in Table 1, we focus on a particular area of the hospital, an inpatient ward, where 
physicians’ services are provided. Our MUI is based on this area and on the junior health care providers 
required in this context, along with the context descriptors for these types of users. This step is performed 
from the MUI designer’s perspective, and is a continuation of our previous work in this domain [7, 8]. 
 Transformation rules are created by designers, who codify best practice patterns for predefined 
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situations, as well as fall back rules, as suggested by de Melo et al. [16]. Rules at different stages can be 
developed independent of each other. At each stage, different contextual information is included – see the 
example below: 
A ‘subdomain’ scenario on a hospital ward: if a junior doctor wants to: 1) check the most recent CBC test 
result, and 2) order medication for a patient at night in the quiet patient’s room, which is dark, then the 
MUI can: display the result by sound, rather than by text; accept the order given by the doctor by voice, 
rather than typed on the keyboard of a smartphone; increase the brightness level of the screen. 
 In this scenario, the UI features adapted or modified (temporarily) are: change to speech output while 
the doctor is in the room; change to speech input while the doctor is in the room; and increase the level of 
brightness of the display. 
 Decision tables (DT) provide a schematic view of the inference process in decision making. The 
advantage of the DT is that it provides a more compact visual presentation, and so contributes to a better 
understanding of the selection problem. But probably the most important advantage of using a DT is that 
the completeness, correctness, and consistency of the information entered is easier to check.  
 All the condition attributes presented in our work are based on our basic context, which consists of 
the location (i.e. the inpatient ward), the time (morning and evening shifts), the ambient conditions (light 
level: bright or dark), and the noise level (low or high) (see Table 2) [7]. For the domain-based context, 
which consists of the user and the tasks, we defined three user stereotype models for health care 
applications based on experimental work: junior, intermediate, and expert [8]. Also, context descriptors 
for each type were collected. The tasks that doctors most frequently perform on a daily basis on the 
inpatient ward can be summarized in two categories, input tasks and output tasks, as follows: 
x Output tasks: review laboratory, radiology, and pharmacy results. 
x Input tasks: submit new pharmacy, laboratory, and radiology orders. 
 In the following subsections, all the possible rules for adapting MUI actions to a typical doctor’s 
tasks are presented (Tables 2 and 3). For example, in Table 2, when conditions C2 and C3 are met (C2 
and C3 = Yes) for an output task, then a set of features is adapted on the MUI (A1, A3, A5, A7, and A10). 
These rules can be specified by design experts and a health care provider. For the sake of brevity in this 
paper, and to be practical in terms of experimental work and the limited time available for conducting the 
case study, we chose the junior stereotype, since this type performs most of the work on the inpatient 
ward, and they represent the individuals most familiar with using a mobile device. 
3.1. Decision Table for Output Tasks 
Table 2 Decision Table for Output Tasks (Junior Stereotype) 
 Conditions Rules 
  1 2 3 4 
C1 The doctor is in the patient’s room during the morning shift. - - - - 
C2 The level of light in the room is bright Y Y N N 
C3 The level of noise in the room is low Y N Y N 
 Actions     
A1 Adjust the font size for displaying information to “user default” X X   
A2      Adjust the font size for displaying information to “large”   X X 
A3 Adjust the display brightness to “user default” X X   
A4 Adjust the display brightness to “high”   X X 
A5 Receive text message alerts by “a ring tone” X X   
A6 Receive text message alerts by “vibration”   X X 
A7 Adjust the ring tone volume to “user default” X    
A8 Adjust the ring tone volume to “high”   X  X 
A9 Adjust the ring tone volume to “silent”   X  
A10 Receive information via a headset X  X  
A11 Receive information via a “text”  X  X 
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3.2. Decision Table for Input Tasks 
Table 3 Decision Table for Input Tasks (Junior Stereotype) 
 Conditions Rules 
  1 2 3 4 
C1 The doctor is in the patient’s room during the morning shift - - - - 
C2 The level of light in the room is bright Y Y N N 
C3 The level of noise in the room is low Y N Y N 
 Actions      
A1 Adjust the font size for displaying information to “user default” X X   
A2     Adjust the font size for the display information to “large”   X X 
A3 Adjust the brightness to “user default” X X   
A4 Adjust the brightness to “high”   X X 
A5 Receive text message alerts by “a ring tone” X X   
A6 Receive text message alerts by “vibration”   X X 
A7 Adjust the ring tone volume to “user default” X    
A8 Adjust the ring tone volume to “high”   X  X 
A9 Adjust the ring tone volume to “silent”   X  
A10 Input the data using a microphone X  X  
A11 Input the data by typing on a keyboard  X  X 
  
 To verify the completeness of the set of rules specified, we analyse them in the context of set of all 
possible 2m combinations, where m is the number of conditions. Such a rule analysis also indicates the 
consistency of the set of proposed rules. In the next section, we validate our MUI adaptation approach. 
4. Validation of the MUI Adaptation Approach 
 An example of medical software is the Phoenix Health Information System (PHIS) that is used at 
King Abdulaziz University Hospital (KAUH). PHIS2, an updated desktop version following the HCI 
principles was designed [17]. A new mobile-based version of PHIS2 (PHIS2-M) has since been 
introduced in order to make PHIS accessible from a mobile-based platform. A Quality-in-Use 
measurement model was developed specifically for MUI to evaluate the quality of PHIS2-M [9]. 
 The proposed context-based and rule-based approach for MUI feature adaptability was implemented 
on an iPhone 4.1 loaded with the PHIS2-M using Xcode 4 and SQLite. It also uses the special framework 
for speech recognition, iSpeech iOS SDK. The result was a new version of PHIS2-M, which is PHIS3-
MA for mobile adaptation (MA). The adaptable features of the MUI were evaluated on PHIS3-MA. 
Moving to real environment testing requires special permission, which is difficult to obtain in a limited 
time. At this stage, ten junior doctors at KAUH aged 25 to 35 who had previous experience with PHIS 
were interviewed and observed, 4 males and 6 females. Each participant was observed at a time in a 
simulated environment, in which prerecorded background noise from the real hospital was played back. In 
order to determine the effect of MUI adaptable features, each participant was asked to perform the same 
set of tasks, once using PHIS2-M (no adaptable features), and once using PHIS3-MA (with adaptable 
features). The test environment included the participant, the iPhone device loaded with two applications, a 
timer, and a tester.     
 In order to compare the results of using the adaptable application with the non-adaptable one for the 
same participant, the quality-in-use measurement objective and subjective factors of the UI were 
evaluated by those ten doctors [9]. The objective quality-in-use factors quantify effectiveness, 
productivity, efficiency, safety, and task navigation, and the subjective factors qualify the level of 
satisfaction of the ten doctors. Four attributes were collected during the tests: the number of correct 
actions and the number of incorrect actions performed for each task, the number of views, and the time 
required to complete each task. Note that the total number of actions performed equals the sum of the 
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correct and incorrect actions for each task. The measurement formulas and the interpretations of the 
measurement data for the objective factors are listed in Table 4.  
Table 4 New Quality-in-Use Objective Factors 
Objective Factors Measurement Formula Interpretation  
Effectiveness = Minimum number of correct actions/Total number of actions The closer to 1.0 the better 
Productivity = Number of correct actions/Task time The larger the better 
Task Efficiency = Effectiveness/Task time The larger the better 
Safety =  Number of incorrect actions/Total number of actions The closer to 0 the better 
Task Navigation =  Total number of Actions/Number of views The smaller the better 
  
 In order to investigate empirically the effect of MUI with and without adaptation for the same 
healthcare application used by the same user in the same context, hypotheses related to PHIS2-M and 
PHIS3-MA were formulated as follows: 
 Null Hypothesis: there is no significant difference (according to the quality-in-use objective factors 
listed in table 4) between using the PHIS2-M and the PHIS3-MA  
 Hypothesis 1: there is significant difference (according to the quality-in-use objective factors listed in 
table 4) between using the PHIS2-M and the PHIS3-MA. 
 A list of tasks (see Table 5) was prepared for the ten participants in the test. Five tasks correspond to 
the ways in which the doctors interact with the application: Search, Choose, Select, Read, and Write, 
because these are the functionalities most frequently used by the doctors on a daily basis. A paper log was 
used to collect the attributes for each task, and a satisfaction questionnaire was given at the end of the test 
to the participants to gather their feedback about using the health information system application on a 
mobile with adaptable features and on one without those features. 
Table 5 List of Tasks 
Tasks MUI Feature Type 
1. Search for the patient from the patient list Text or speak Input 
2. Choose from the main menu: Laboratory result Tap or speak Input 
3. Select the most recent Complete Blood Count (CBC) Tap or sound Output 
4. Choose from the Order Radiology main menu (chest X-ray) Tap or speak Input 
5. Review the patient summary Increase or decrease brightness  Output 
  
 For objective analysis, the raw data for the empirical study were tabulated in MS Excel for each of 
the 10 participants. We compared the means of all the quality-in-use measurement data collected for 
PHIS2-M and PHIS3-MA for all tasks and all participants in the test case. Fig. 1 shows virtually 
improvement for PHIS3-MA compared to PHIS2-M for the task effectiveness and task navigation factors 
(see the interpretation in Table 4). The productivity and task efficiency of the MUI in PHIS2-M are better 
than in PHIS3-MA. The safety factor score in PHIS2-M is lower than that in PHIS3-MA, which indicates 
a better MUI in PHIS2-M as well.  
 In order to investigate the statistical significance of the observed differences in the objective factors: 
effectiveness, productivity, task efficiency, safety, and task navigation, we used the paired t-Test for the 
data analysis. Based on the critical value approach of the t-Test at nine degrees of freedom, α =0.025 for 
the two-tailed test, the critical level of t is ± 2.26. Our decision rule is to reject the null hypothesis if the 
computed t statistic is less than -2.26 or more than 2.26. Since the t-Test values obtained for effectiveness, 
safety, and task navigation are 1.5798, 0.7645, and 1.1952 respectively do not fall into the critical region, 
we failed to reject the null hypothesis for these three factors. From the P value approach of the t-Test, the 
P values for effectiveness, safety, and task navigation are 0.1486, 0.4641, and 0.2625 respectively. 
Therefore, we failed to reject the null hypothesis. Our conclusion is that there is no significant difference 
between PHIS2-M and PHIS3-MA for the effectiveness, safety, and task navigation factors.    
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 Our t-Test values for productivity and task efficiency of 4.8901 and 3.0109 respectively fall into the 
positive critical region, and so the null hypothesis is rejected. The P-values of the t-Test for productivity 
and task efficiency are 0.0009 and 0.0147 respectively, and so the null hypothesis is rejected. Since the t 
values for productivity and task efficiency fall into the positive region, we can conclude that PHIS2-M is 
better than PHIS3-MA based on these factors.  
 
Fig. 1 Objective factors for all PHIS2-M and PHIS3-MA tasks  
 For the subjective analysis, the users were asked to complete a User Satisfaction Questionnaire to 
determine their impressions and opinions of the applications, and evaluate their response to interacting 
with PHIS2-M and PHIS3-MA. The results of the questionnaire reveal that all the users gave both PHIS-
2M and PHIS3-MA ratings of easy and very easy to the features related to learning the application, using 
the application, finding the features, understanding the navigation, recovering from error, and performing 
a task anywhere and at any time. For the brightness features, more than sixty percent of the participants 
prefer to increase the brightness level at night a feature available only on the adapted version.  
5. Discussion  
 The controlled experiment, conducted with ten doctors, showed that productivity and task efficiency 
favour PHIS2-M over PHIS3-MA. Since the productivity and task efficiency depend on time, while the 
other factors do not, entering input verbally using the voice recognition functionality on a mobile platform 
is slower than typing or tapping, and most of the tasks evaluated in the experiment for the adaptable 
version depend on the vocal features. For task effectiveness, safety, and task navigation, our results show 
that there is no significant difference between PHIS2-M and PHIS3-MA, and, although the result did not 
reach statistical significance, there is a trend toward the superiority of the adaptable version in terms of 
effectiveness and task navigation, based on the means of the two groups (Fig. 1). This indicates a 
reduction in the cognitive load for the doctors, because there are fewer actions in each view in a specified 
context of use, and the incorrect actions are all within the same range. It may be that the less sophisticated 
design is what is needed in the medical field. However, it is very early to come to this conclusion. A 
possible explanation for this negative observation is the unfamiliarity of the doctors with the new 
adaptation tools, e.g. most of the doctors forgot to press the microphone button to activate voice 
recognition in task 2. (This is considered a design issue, and is expected to be fixed in the next release of 
PHIS3-MA by programming the voice button to activate automatically.)  
 Generally, mobile applications in health care are the most useful in a hospital context when doctors 
are moving from one location to another. From the interviews conducted with the doctors, some inherent 
drawbacks were identified. One of them is the lack of privacy generated by the use of the voice features. 
These features are the most useful when privacy is not an issue, or when the doctor is alone, his hands are 
not free to tap or type, and his eyes are busy looking elsewhere. So, the ability to talk to the device when 
the other faculties are occupied is a useful option.  
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6. Conclusion and Future Work 
 The term mHealth is becoming more and more widely used in the research community and among 
those interested in providing and receiving health care services. Adaptation of MUI features based on a 
decision table can introduce systematization in the design of adaptive systems and enhance the 
acceptability of the technology in the health care domain, where diversity is an inherent characteristic.  
 The purpose of this paper is to show the use of decision table techniques as a basis for designing 
complete and consistent MUI context adaptation rules for mobile application with one category of users. 
MUI adaptation is tested by means of both objective and subjective quality-in-use factors. Our future 
work includes extensive testing of the remaining adaptable features with other categories of users within 
the hospital-ward domain.  
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